Abstract. The size and shape of a habitat patch can influence patterns of species utilisation. The present study examined how the width of fringing mangrove habitats affects the composition and use patterns of the fish assemblage using mangrove edge habitats on the flooding tide. Underwater cameras surveyed fish approaching mangrove habitats, ranging from a thin fringe 5 m wide to forests over 75 m wide, in a highly modified tropical estuary. The fish assemblage composition was similar across all mangrove widths, although the temporal patterns of use varied among mangrove widths for some species. The mean maximum number of individuals in the field of view was similar among mangrove widths, but fish were visible for a significantly greater proportion of time in videos from narrow (,20 m) than wide ($20 m) mangrove stands (15 v. 3% respectively). At least some fish were visible in the field of view in narrow mangrove fringes throughout the first hour of the flood tide, whereas in wide mangroves areas the presence of fish declined over time. The findings suggest that estuarine fish are using mangrove edge habitat regardless of width, making narrow mangroves viable habitats for estuarine fish.
Introduction
Owing to the continued coastal development occurring around the world, the extent of mangrove forests is steadily decreasing, with mangroves being lost at a rate of ,1% per year (Valiela et al. 2001) . Narrow bands of mangroves are common in developed areas; they are also planted for mangrove and coastal restoration projects, with few mangrove restoration projects able to replant large areas of mangroves. Studies of mangrove fish have rarely examined structural and landscape measures to understand how they drive fish distribution and abundance (Faunce and Serafy 2006) . In order to understand the functional value of mangroves not only as fish habitats, but also their contributions to ecosystem productivity and diversity, the inclusion of these variables is necessary (Nagelkerken et al. 2015 ). An increased understanding of these interrelated variables can improve conservation and restoration programs that aim to maintain diversity and habitat function.
In terrestrial systems, the size and shape of the habitat plays an important role in the value of different habitats for organisms (Collinge 1996; Sinclair et al. 2005; Yletyinen and Norrdahl 2008) . Some species are unable to use smaller patch sizes because they provide insufficient resources for the organism, whereas other species prefer to use edge habitats and avoid the central regions of larger patches (Parker and MacNally 2002; King et al. 2009 ). In contrast with terrestrial systems, there has been little examination of the importance of patch size and habitat width in most marine ecosystems (Jackson et al. 2006) . Edge effects have been shown to be important in the distribution of fish and mobile crustaceans in salt marshes (Minello and Rozas 2002; Minello et al. 2008 Minello et al. , 2012 Sousa and Dangremond 2011; Trave and Sheaves 2014) and seagrass (Smith et al. 2011 ), but there is currently no understanding of the importance of patch width on habitat use by fish in mangroves (Faunce and Serafy 2006) .
The size and shape of individual habitats can direct the way in which habitats are used by different species (Jackson et al. 2006; Harwell et al. 2011) . In seagrass beds, the use of small patches was significantly different from large patches for five of eight taxa, with more juveniles and fewer adults found in smaller patch sizes (Tanner 2006) . Small fish may occur in greater density in the centre of seagrass beds and in patches with smaller edge : area ratios because predator encounter rates are greater at patch edges, suggesting that wider patches provide greater refuge (Smith et al. 2011) . Although the habitats with smaller edge : area ratios are ideal for providing refuge for many prey organisms, habitats with large edge : area ratios are ideal for foraging predators, showing that habitats will not cater equally to all species (Bowden et al. 2001) . However, in salt marsh edges in the Gulf of Mexico, a greater abundance of decapod crustaceans was found within 1 m of the edge (Minello and Rozas 2002) , suggesting the edges are of greatest value to the species occupying these areas, highlighting the importance of edge habitat for these taxa (Minello et al. 2008; Haas et. al. 2004; Rozas and Minello 2007) . To maximise fishery production of penaeid shrimp, large areas of edge habitat are included in restored salt marshes in the northern Gulf of Mexico (Minello et al. 2012) . This highlights the importance of understanding the value of narrow patches of habitats before further loss of remnant patches or restoration efforts occur.
Understanding the value of different width patches is particularly important in the case of mangroves. Their location at the marine-terrestrial interface means they are often affected by the encroachment of urban and agricultural development, and they freely colonise the intertidal edges of waterways created or modified by development. Both situations result in narrow mangrove fringes. Consequently, understanding the value of these narrow fringes is particularly important to underpinning rational decisions on development around coastal waterways. However, the difficulties involved in sampling within a mangrove system (Uncles et al. 1994; Read et al. 2004; Ellis and Bell 2008) have left major gaps in knowledge of the use of mangrove habitats by estuarine fish assemblages. The present study was undertaken to address the lack of understanding of the value of narrow v. wide mangrove fringes by assessing the relative utilisation of narrow and broad mangrove forests fringing an urbanised waterway in tropical north-eastern Australia. In particular, we were interested in determining whether there were any substantial differences in the fish assemblages observed along mangrove fringes of different widths that may indicate a difference in functional value of these habitats.
Materials and methods

Study site
Fish were surveyed in mangrove fringes of Ross Creek, on the north-east coast of tropical Australia ( Fig. 1) , between May and September 2013. Ross Creek was chosen for the present study because this estuarine system is a highly disturbed urban estuarine environment located in the centre of the city of Townsville in the tropics of northern Queensland, Australia. It is fringed by remnant and regrowth mangrove forests of varying widths, including narrow mangroves, and such areas are becoming increasingly common because of continued coastal development. The regrowth mangrove forests are dominated by Avicennia marina and range in width from a single strip of trees ,5-to 75-m-wide forests (Fig. 1) . The full range of mangrove forest widths are represented within a 500-m reach, meaning that fish sampled along the edge of any part of the forest had the opportunity to access forests across the entire range of widths of mangroves present in the system. Surveys of the fish assemblage using mangrove forests of different widths were achieved by point census using underwater video cameras (Oregon Scientific HD, Oregon Scientific, Inc., Hunghorn, Kowloon, Hong Kong S. A. R., China). Cameras were placed 1 m outside the edge of the mangroves facing inwards towards the edge of the forest. The mangrove edge was defined as the boundary between A. marina pneumatophores and bare substrate lower in the intertidal zone. Sampling was conducted in daylight hours (0600-1700 hours) during neap tides (high tides ,3 m), because this provided the greatest visibility due to a low level of tidal movement minimising sediment resuspension. The region has semidiurnal tides with a maximum range of 4 m, with ,6 h between high and low tide. Mangrove forest edge begins to flood at ,1.1 m, which, on the neap tides sampled, is ,30-45 min after the beginning of the flood tide. Cameras were deployed on the incoming tide when the water depth was ,5-10 cm above the top of the camera, or ,12-17 cm deep. The mangroves were filmed for the next hour, ending at approximately one-third of the way through the flood tide. This meant that sampling commenced soon after the tide first flooded the mangroves and when a variety of fish species could gain access to the mangroves. The minimum acceptable visibility for the present study was 1 m, ensuring the pneumatophores were visible. This corresponded to the substrate being clearly visible from the boat in 30 cm of water, and sampling was only commenced under these conditions. Turbidity was relatively consistent for all sampling occasions with maximum visibility never exceeding 1.2 m. On any given sampling occasion, cameras were deployed a minimum of 5 m apart to ensure independence, and distributed within the sampling reach to represent the range of mangrove widths available to fish. Because of the extent of available habitat, an uneven number of replicate videos was collected from different mangrove width categories (Table 1 ). The cameras recorded for between 1 and 2 h, depending on battery life and memory capacity. The 52 camera drops across the mangrove widths produced over 50 h of usable video footage for analysis. Camera locations were marked using a global positioning system (GPS), and the mangrove width determined using Google Earth (https://www. google.com/earth/, accessed 13 April 2013), with ground truthing used to confirm the remote-sensed estimates.
The mangrove widths were grouped into width categories at two scales: (1) 10-m intervals from 0 through to .50 m; and then 0 A c a n t h o p a g r u s s p p . (2) more broadly as narrow (,20 m) or wide ($20 m). The division of wide and narrow at 20 m was based on a survey of mangrove stands in developed estuaries in Australia using Google Earth (n ¼ 68 estuaries), which found mangrove banks along urbanised estuaries to be typically less than 20 m wide, making 20 m a practical division for management. Owing to the variation in video lengths, only the first hour of video was used in analysis to allow direct comparison with standardised time for each video replicate. Fish species were identified from the videos by the lead author (K. Dunbar), with any uncertain identification confirmed by experienced researchers familiar with the estuarine fish of the region. Smaller juveniles of Acanthopagrus pacificus and Acanthopagrus australis were not always clearly distinguishable, and hence these species were grouped as Acanthopagrus spp. for analysis. Some individuals were not able to be categorised to the species or genus level, and so were grouped into families. An additional category of 'juveniles' was created to cover those fish that were obviously juveniles based on size and colouration but were too small to be able to be identified accurately. All other taxa were identified to species level. For the present study, fish observed on the edge of the mangroves are considered to be using the edge of mangrove forest and are hence considered to be using the mangrove habitat. The start and end time of each occasion that at least one fish of each taxon appeared on the screen was recorded to enable the total time in camera for each taxon to be calculated. The maximum number of individuals present of each taxon during each of these occasions was also recorded, allowing the maximum number of individuals (nMax) for each species per video to be determined, as well as the nMax for all fish regardless of species. These data were summarised as mean values across all videos within each mangrove width class. A t-test was conducted using SPSS, ver. 19.0 (IBM Corp., Chicago, IL, USA) to determine whether significant differences were present between wide and narrow mangroves for both the mean proportion of time fish were in front of the cameras and the nMax present in the field of view of the camera.
P s e u d o m u g i l s i g n i f e r G e r r e s e r y t h r o u r u s D r e p a n e p u n c t a t a G e r r e s f i l a m e n t o s u s L e i o g n a t h u s e q u u l u s S i g a n u s l i n e a t u s
For the two dominant taxa seen most frequently in the videos, Pseudomugil signifer and Acanthopagrus spp., the proportion of time each taxon was present for each 10-min segment of videos was calculated to determine temporal patterns of utilisation over the course of the first hour of tidal influx to the mangroves.
Results
Video analysis revealed 17 taxa, as well as juvenile fish that could not be confidently identified, giving a total of 18 groups using the fringing mangroves in Ross Creek. Of these, four taxa appeared in only a single video each, and only eight appeared in more than five videos. Acanthopagrus spp. and P. signifer were present in the greatest mean proportion of videos (mean 0.31; Fig. 1 ).
When mangrove habitat use was investigated at an assemblage level, no consistent pattern was observed, with the more common species (present in five or more videos) occurring across the range of forest widths (Table 2) . Of the 18 taxa, 13 were present in mangrove stands #20 m wide, and 15 were present in the wider mangroves.
Fish were present in the field of view for a greater proportion of time in narrower than in wider mangroves (t 2,32 ¼ 3.6524, P , 0.001) (Fig. 2a) . There was a decline in fish present in the field of view over the first three widths, followed by approximately stable low levels, showing fish remained within the field of view around narrow mangroves for longer than at wide mangroves. The mean nMax present in a single frame per video varied from ,4 to 10 individuals among mangrove widths, with a high degree of variability in all widths except the narrowest category, with no significant difference between wide and narrow mangroves (t 2,32 ¼ 0.0391, P ¼ 0.969; Fig. 2b ). The actual nMax found in a single frame was 27, and these were unidentified juveniles along the fringe of a 20-to 30-m-wide mangrove forest.
The two most commonly occurring taxa, namely Acanthopagrus spp. and P. signifer, exhibited contrasting patterns of occurrence through time (Fig. 3) . P. signifer were present for the highest proportion of time in the first 10 min of video along the front edge of both wide and narrow mangroves (Fig. 3a) , with a gradual decline over the following hour. They were consistently present for a greater proportion of time in narrow than wide mangroves. In contrast, Acanthopagrus spp. arrived later, with their peak occurrence between 20 and 50 min after the commencement of filming (Fig. 3b) . This was consistent for both narrow and wide mangroves, but these fish were present for a greater proportion of time in wide than narrow mangrove edges. (Fig. 2) , with numbers in parenthesis after species names indicating the number of videos (of 52 in total: 24 in narrow mangroves and 28 in wide mangroves) each species was observed in Taxon Mangrove forest width (m)
#10 . 10-20 .20-30 .30-40 .40-50 .50 Acanthopagrus spp. (14) X X X X Pseudomugil signifer (11) X X X X X Gerres erythrourus (10) X X X X Drepane punctata (10) X X X X Gerres filamentosus (10) X X X X X Leiognathus equulus (6) X X X Siganus lineatus (6) X X X Gobiidae (5) X X X Chelonodon patoca (4) X X X Gerres abbreviates (4) X X X 
Discussion
Given the continued loss of mangroves around the globe (Valiela et al. 2001 ) and the increasing number of restoration efforts (Lewis 2000) , understanding the relative values of different habitat configurations is essential (Minello et al. 2012) . Although only performed on a small scale, the present study is the first to directly compare fish assemblages using mangrove edge habitats in forests of different widths, and so provides an important step towards improved management of these systems. A variety of common taxa made use of mangrove habitats across the full spectrum of forest widths examined, and some species are likely to be moving well into the mangrove forests (Sheaves et al. 2016) . These findings suggest that the narrow fringes of mangrove trees provided broadly equivalent habitat value to broad mangrove fringes for these fish. The study site comprised a single 500-m reach that contained fringing forests spanning all widths examined. This means that each individual fish observed had the opportunity to access both narrow and wide mangrove fringes, providing a robust comparison of fish assemblages using forests of different widths. Some of the species observed using mangroves remain within mangrove and estuarine systems their whole life (e.g. P. signifer; Wong et al. 2004) , whereas others travel between marine systems, including reefs and the estuarine systems (e.g. Siganus lineatus; Blaber et al. 1989; Sheaves 1992; Kuriiwa et al. 2007) . The common species observed in the present study are typical of those reported from estuarine systems throughout the region (Blaber et al. 1989; Robertson and Duke 1990; Sheaves 2006) . Although the fish assemblage used the full range of mangrove widths, some species showed particular patterns of use. As found, P. signifer was predominantly in habitats less than 25 m wide, although there was an occasional appearance in areas of greater width.
The higher mean time spent in front of the camera in narrow compared with wide mangroves could indicate that, in fact, more fish use narrow mangroves. However, the mean numbers of individuals visible in the field of view was similar among mangrove widths, suggesting that fish moving into narrow mangroves stay visible along the edge for longer rather than more individuals moving into these habitats. This could be an accumulation effect whereby fish in a compressed area have less space to spread out and so are focused in a smaller area, therefore appearing in the videos more frequently. In all mangrove widths, fish occurrence peaked in the first 20 min. Together, these findings suggest that fish move into both narrow and wide mangroves quickly with the flooding tide and that they subsequently penetrate further into the forest where possible. Several possible benefits have been postulated to explain fish use of mangroves (Al-Khayat and Jones 1999; Nagelkerken and Faunce 2008) . The edge of both narrow and wider mangroves could provide equivalent hydrodynamic benefit to fish, because current flow decreases significantly within as little as 0.5 m from the edge of structured habitats, including mangroves and seagrass beds (Warry et al. 2009 ). Similarly, a small amount of structure along the edge may be all that is needed to provide sufficient refuge from predators for prey fish species, meaning that narrow mangroves may be sufficient to fulfil the needs of any fish that use mangrove structures for protection (MacDonald et al. 2009 ). In addition, although wider mangrove forests may provide a large area of potential habitat, oxygen levels deeper within the forest may rapidly become depleted because of bacterial breakdown of detrital material (Mazda et al. 1990; Wolanski et al. 1992) . Consequently, many parts of larger mangrove forests may not be suitable for fish occupation for much of the time (Cooper et al. 2002; Knight et al. 2013) .
There is some direct evidence of fish feeding in mangrove habitats (Sheaves and Molony 2000) . Foraging efficiency is proposed to be greater on mudflats outside of mangroves than within the mangrove areas (Tse et al. 2008) . This suggests that although few estuarine fish appear to forage within the mangrove forests, those that do make more extensive use of this habitat may well use it as an important feeding area. As such, the relative value of wide and narrow mangroves as a foraging habitat to fish should be investigated further.
Water depth is an important factor regulating fish movements in intertidal habitats (Meager et al. 2003; Nagelkerken and Faunce 2008) . Some fish species enter the mangroves with the start of the flooding tide and remain along the very edges of the water regardless of how far into the mangroves the water penetrates, tracking the shallow water rather than using the mangroves per se (Paterson and Whitfield 2000; Krumme and Saint-Paul 2003) . Other species may only move into the mangroves later in the tide when the forest is flooded to greater depths (Meynecke et al. 2008) , suggesting that water depth may be a driving factor affecting the use of mangroves by different fish species.
In the present study, P. signifer appears to have tracked the shallow water edge through the forest. These fish appeared rapidly once the forest flooded and declined through time, particularly in the wider mangroves. In contrast, Acanthopagrus spp. appeared a little later in the flood tide and then remained within the field of view of the camera for consistently high periods of time. These deeper-bodied fish arrive once the water depth is sufficient and then remain around the mangrove habitat as the tide continues to rise. Further studies in a broader range of areas are needed to fully separate the effects of water depth and mangrove forest width on fish usage of these habitats.
Understanding the functional values of different habitat configurations is particularly important for mangrove restoration projects, and further studies are required to determine optimum sizes and widths of mangroves to be planted. Other intertidal ecosystems, such as salt marshes in America, have been undergoing restoration for many years through terracing, a process that produces a high edge : area ratio of restored marsh and should maximise production of fishery species (Minello et al. 2012) . Although there is a higher growth rate of nekton in terraced marshes than in the open ponds they are replacing (Rozas and Minello 2009) , fish densities are still lower than in natural marshes (Minello and Webb 1997) , indicating that thin strips of habitat in terraces are not necessarily functionally equivalent in all respects to natural marshes (Rozas and Minello 2001) . Further studies may prove the same to be true for mangroves.
Developments that result in the loss of habitat frequently attempt to offset this loss by creating or protecting equivalent habitat elsewhere. It is of great concern in these cases whether the new habitat is of truly equivalent functional value to the habitat removed (Lewis 2000) . When environmental offsets are planned, not only does the area of the mangroves to be removed from development sites need to be considered, but also the habitat's shape. The data gathered in the present study are a step towards more comprehensively determining the value of wide and narrow mangroves as functional habitats, and how these fit into the broader seascape to structure fish assemblages (Sheaves 2009 ). Future studies should examine assemblage-level patterns among trophic and other functional groups (sensu Elliott et al. 2007 ) to uncover potential drivers of mangrove value and any differences in the importance of wide and narrow mangroves to fish. A detailed examination of habitat usage patterns compared across different tidal cycles (sensu Ellis and Bell 2008) , as well as a comparison of wide and narrow mangrove usage compared with bare banks and rock walls, can provide further information regarding mangrove use by fish.
The present study found that narrow mangroves were used by fish. If this utilisation is shown to be functionally useful for fish, the major effects caused by the loss of these habitats may not be evident until the final fringes are lost. If this is the case, thin remnant fringes could be extremely valuable habitats, and the depletion of these narrow bands could have broad consequences for nursery ground functions and the support of fisheries. A clear understanding of the importance of different mangrove widths and configurations within the seascape is critical for determining the best methods to mitigate damage and changes to the ecosystem, and to thus maintain ecosystem function into the future.
